Some say that we are what we eat. While we, as individuals, may not want to be reduced to our mere metabolic functions and food preferences, science is increasingly compiling evidence showing how the evolution of our species has interacted with the availability of different kinds of nutrition to shape the genetic framework of our metabolism.
Sociobiology has long proposed hypotheses suggesting that inventions like the use of fi re for cooking and the spear for hunting set us on the evolutionary path that led us away from the other great apes. The energy needed to allow the development of our abnormally large and complex brain, for instance, may have only become accessible when our more ape-like ancestors started treating food before putting it in their mouth. Harvard anthropologist Richard Wrangham has captured this thinking in his book published in 2009, Catching Fire: How Cooking Made Us Human. At the time, critics felt that these theories were perhaps plausible stories but that there was very little hard evidence to support them. This situation has improved considerably with the success of the sequencing of ancient genomes, including Neanderthal, Denisovans, and humans from the Stone Age and the Bronze Age (Curr. Biol. (2014) 24, R295-R298). Thanks to comparative genomics and forensic analysis of the diets of longvanished human populations, researchers can now establish how changes in lifestyle were followed by changes in the genes controlling our metabolism.
More than FADS
Several studies screening for gene variants that appeared to be associated with diet changes or with long-term adherence to selective diets have found the strongest signals in the family of the closely related FADS (fatty acid deacetylase) genes on chromosome 11, which are now known to have undergone positive selection at various stages of human history.
While the function of FADS3 remains to be established, FADS1 and FADS2 are known to code for enzymes catalysing rate-limiting steps in the endogenous synthesis of long-chain omega-3 fatty acids, like those found in fi sh oil, from medium-chain length precursors that we can obtain from plant oils. Vegetarians depend on these enzymes more than those who regularly eat fi sh. On the other hand, an over-achieving omega-3 pathway can distort the balance between omega-3 fatty acids and other kinds. These metabolic balances are important for brain development and the synthesis of hormones including growth hormone. Fatty acids account for around 60% of the dry weight of our brain and, compared with other biological tissues, the brain is signifi cantly enriched in longchain fatty acids like docosahexaenoic acid (DHA) and arachidonic acid (AA).
Rasika Mathias and colleagues at Johns Hopkins University at Baltimore (Maryland, USA) fi rst noted a marked difference in the allele frequency of FADS genes between African Americans and European Americans. They went on to analyse the spread of FADS alleles within Africa and found what may be the earliest divergence of these genes, dating to the time when Homo sapiens expanded out of Africa into the rest of the world (PLoS One (2012), 7, e44926) .
Their analyses found that a variant improving the synthesis of long-chain omega-3 fatty acids in the absence of a fi sh-rich diet originated in Africa around 84,000 years ago, before the out of Africa migration, and became predominant in the African population but not in the migrants heading to the other continents. The authors speculate that this genetic change enabled the population staying in Africa to expand across the entire continent, including arid places where no fi sh was available.
Conversely, populations living by the seaside and depending on marine sources for much of their nutrition would benefi t from gene variants with very little endogenous omega-3 synthesis activity. Matteo Fumagalli from University College London, UK, with colleagues from Denmark and the USA analysed
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How our diet changed our evolution
Changes in the human diet have guided the evolution of our metabolism, as several studies of the omega-3 pathway show. As the result of multiple changes and migrations, individuals now carry a patchwork of genetic traits that defi nes what an individualised healthy diet would look like. Michael Gross reports. The researchers found a 22 base pair insertion in the FADS2 gene that is quite common in the vegetarian community of Pune, but very rare in the US population. Among the Indian sample studied, 67.5% carried the 'vegetarian' gene variant on both alleles, and another 29.5% had one copy, leaving only 3% without a copy. In the US sample, by contrast, only 18% had two vegetarian alleles, 39% had one, and 43% had none. This marked difference in allele distribution suggests that, over the centuries of vegetarian living, the Indian community has experienced a strong selection pressure making the more active FADS2 version predominant.
The gene variant, which was widely reported in the media as 'the vegetarian gene', has also been selected in other parts of Asia and east Africa, but the researchers could fi nd no trace of it in European genomes, which surprised them, as they had expected to see a selection signature of the spread of agriculture in Europe.
In a follow-up study from the same institute, the group of Alon Keinan applied improved techniques to the European situation, comparing ancient European genomes with those of modern-day Europeans in a bid to understand how the introduction of agriculture has infl uenced our genetic disposition (Nat. Ecol. Evol. (2017) Investigations using two separate analysis tools, namely genome-wide association studies and expression quantitative trait loci, both indicated positive selection of FADS gene variants both before and after the introduction of agriculture.
Among the hunter-gatherers, the less vegetarian haplotype (a combination of several gene variants that are passed on together) was favoured, while the introduction of agriculture switched the selection to favour a boost in endogenous synthesis of omega-3 fatty acids. This fi nding is plausible considering chemical analyses of the diet changes in early Europeans. Even though farmers domesticated animals for consumption, their overall diet became more plant-based than that of the hunter-gatherers.
The switch from the meat-eater to the vegetarian haplotype was more pronounced in southern Europe than in the north. The researchers attribute this geographic difference to the higher proportion of fi sh in the diet of northern Europeans both before and after the switch to agriculture. The use of milk by northern European farmers may have further blurred the effect seen more clearly in the south.
The gene variants found in this study were different from the 'vegetarian gene' found in India, however. Apparently, in the FADS genes of the Inuit population in Greenland, which has been living there for around 1,000 years, but has lived a similar, ocean-based lifestyle in other parts of the Arctic for much longer (Science (2015) 349, 1343-1347). In line with the working hypothesis, the researchers found that the Inuit predominantly harboured gene variants that are well-adjusted to a fi sh-rich diet but would likely provide insuffi cient endogenous omega-3 synthesis if the carriers chose not to eat fi sh.
In addition, the results from Fumagalli and colleagues suggest explanations for cold adaptation measures, including the distribution of body fat and the relatively short stature, explained via the role of FADS genes in generating precursors for growth hormones.
"What makes these genes so exciting to us is that natural selection acting on them tends to closely track dietary changes," says Rasmus Nielsen from the University of California at Berkeley, who led one of the teams collaborating in this research. "This suggests that variants in these genes are of great importance for the physiological response to changes in diet."
A vegetarian gene?
The extreme opposite of the Inuit lifestyle exists as well -traditionally vegetarian populations in India, where Current Biology 27, R731-R745, August 7, 2017 R733 different parts of the world, different gene variants have enabled evolution to 'turbo-charge' or to slow down the FADS enzymes. Another study by the group of Rasmus Nielsen at the University of California at Berkeley (USA) has compared Bronze Age human genes with modern ones and identifi ed several single nucleotide polymorphisms linked to the adaptation of the fatty acid metabolism to the prevailing diet, which all tended to undergo selection for more effi cient omega-3 synthesis after the introduction of agriculture (Mol. Biol. Evol. (2017), 34, 1307-1318). The researchers conclude that "selection in the FADS region is complex and has targeted several loci across different populations".
One remarkable fi nding from the Cornell study is, however, that in this case positive selection acted on the same gene variant before and after the introduction of agriculture, just in different directions. Thus, the version that was selected against among hunter-gatherers became the selected variant among farmers. The selection against more effi cient (vegetarian) FADS enzymes among hunters is likely explained by the balance of the different kinds of fatty acids, as explained above.
The whole set of interactions, with changes of diet being caused by migration (Curr. Biol. (2015) 25, R345-R347) or innovation, and leading on to genetic adaptation, has only been possible because our species has been fl exible in its habitat and diet, whereas other animals would not normally expand into so many different habitats with different food provision. Therefore, apart from cooking, it may also have been our willingness to move and our fl exibility with food that made us who we are.
Nascent nutrigenomics
Thus, just for this small family of nutrition-related genes there are multiple variants around that evolved in response to dietary changes and then became scattered around the globe, not necessarily keeping in touch with the diet for which they evolved. The picture is likely to become even more complex as other genetic traits also linked to our diet are taken into consideration.
The bottom line is that most peopleunless they are members of an indigenous population that has stuck to its traditional diet for centuries -cannot know whether they would benefi t from eating more or less fi sh, from becoming vegetarian, or from supplementing with omega-3 products if they already are vegetarians.
The relatively new science of nutrigenomics, as championed by Cornell University, for example, which runs a graduate training programme in nutritional genomics, aims to address this kind of problem. The hope is that, with a better understanding of the interaction between diet and genome, major health problems like obesity and diabetes could become more tractable.
With rapid genotype tests based on known polymorphisms relevant to nutrition and health, it should become possible to determine which kind of diet a given patient is genetically adapted to, and therefore which supplements or diet changes may benefi t their health.
However, Rasmus Nielsen and colleagues have cautioned in their recent report that, while "the FADS region variants might help guide the development of individualized diets informed by genomics […] , functional studies of the region, possibly in cell cultures, are needed to determine the effects of individual SNPs on desaturase activity." The authors also call for epidemiological studies to better establish the health implications of dietary changes and mismatches between the actual food and the diet their genomes are adapted to. "My hope is that the recent evolutionary studies will help spur more direct research into the interactions between diet and genetic variants in these loci," Nielsen says.
Only when we understand these interactions more thoroughly will we be able to predict on the basis of a patient's genes which kind of diet is going to be good or bad for their health.
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